The reproductive characteristics of six ophiuroid species, Ophiura irrorata loveni, Ophiura lienosa, Amphioplus daleus, Ophiacantha cosmica, Ophiernus quadrispinus and Ophioplexa condita, were studied at two localities in the vicinity of the Crozet Islands in the Southern Indian Ocean. The two localities were notable in having almost identical environmental characteristics other than major differences in surface-water primary productivity and organic matter flux, whilst at the same time being only 460km apart. Three species were sufficiently abundant at the two sites to compare their reproductive biology under different productivity regimes. Ophiura irrorata loveni showed significant differences in oocyte size distributions and population size distributions between the two sites which appeared to be related to the characteristics of organic matter flux at those localities. Ophiacantha cosmica and Ophioplexa condita showed differences in abundance between the two sites. This appeared to be related to the availability of suitable substrata.
Introduction
Variations in food supply to the seafloor in space and time are major drivers of change in deep-sea ecosystems. This is evident in many different localised ecosystems on the seafloor, such as hydrothermal vents, cold seeps, coral gardens and canyons. However, at abyssal depths, where large-scale environmental heterogeneity is generally less pronounced, the distributions of the vast majority of deep-sea fauna are dependent on variations in the flux of Particulate Organic Matter (POM) to the seafloor. Large-scale geographic differences in primary production at the sea surface and the subsequent export of carbon, drive variations in the place and pace of life on the deep-sea floor Billett et al. 1983; Tyler, 1996; Bett et al. 2001; Gooday 2002; Smith, C.R. et al. 2008; Smith, K.L. et al. 2009; Billett et al. 2010; Glover et al. 2010; Wei et al. 2010) . Large-scale patterns in deep-sea communities (Sokolova, 2000; Ebbe et al. 2010 ) mirror surface water biogeochemical provinces (Longhurst, 2007) indicating that productivity is important in regulating the distributions of species. However, the relative importance of food supply, and whether all taxa respond in the same way, has been difficult to determine because environmental drivers change at different rates across regions and oceans. A solution is to study two closely situated localities with identical environmental characteristics, other than the amount of food supplied to the seabed.
In 2004 to 2006 a study was conducted at abyssal depths in the vicinity of the Crozet Islands in the Southern Indian Ocean (Wolff et al. 2011) . The Crozet Islands lie within the large oceanic expanse of the Southern Hemisphere characterised by High Nutrient Low Chlorophyll (HNLC) waters. Primary productivity is limited by the availability of iron. However, in the vicinity of the Crozet Islands, and some other volcanic islands in the Southern Ocean, localised, intense and seasonal blooms of primary production occur, stimulated by natural iron fertilisation derived from the islands (Blain et al. 2007; Pollard et al. 2007a Pollard et al. , 2009 . At Crozet, the regional oceanic circulation restricts the iron to an area north and east of islands, providing a strong contrast, in terms of productivity, to HNLC waters to the south and west of the archipelago ( Figure 1A ). The setting allows localities to be compared under different productivity regimes, but in close proximity. Wolff et al. (2011) selected two areas which balanced the competing demands of 1) generating the greatest contrast in productivity regime and 2) maintaining the greatest similarity in all other environmental variables. Two sites at abyssal depths were chosen (Hughes et al. 2009) (Figure 1A ,B). One was influenced by iron fertilisation (+Fe) and the other was located just 460km distant but in low iron, HNLC waters. The two sites were at the same depth, in the same water mass and there was no topographic barrier between them. They differed only in total POM flux and in the intensity, and potentially the regularity, of seasonal inputs (Wolff et al. 2011; Salter et al. 2012 ).
Three cruises were conducted to the remote Crozet region, two spanning the period November 2004 to January 2005, and a third from December 2005 to January 2006. The first two cruises were dedicated to upper ocean biogeochemistry and a small amount of sediment coring. No trawling was possible. The third cruise was dedicated to benthic sampling, but also undertook work on water column biogeochemistry, including the recovery of a number of sediment trap moorings that had been deployed on the first two cruises (Pollard et al. 2007a; Wolff et al. 2011 ).
Holothurians dominated the benthic trawl samples and showed significant differences between the two productivity regimes (Wolff et al. 2011 ). There was a greater similarity in the gross composition of the +Fe holothurian fauna with abyssal communities in eutrophic waters of the NE Atlantic, 16,000 km distant, than with the closely situated HNLC site. In addition, the most abundant species at Crozet, the holothurian Peniagone crozeti (Cross et al. 2010 ) was new to science and occurred almost exclusively at the +Fe site (Wolff et al. 2011 ). The results indicated that productivity was of prime importance in regulating the distributions of abyssal holothurians.
Other notable echinoderm taxa at Crozet were the Asteroidea and Ophiuroidea (Wolff et al. 2011) . The asteroids accounted for 3 and 6% of megafaunal abundance, and 3 and 20% of wet weight biomass, at the +Fe and HNLC sites, respectively. Similarly the ophiuroids comprised 3 and 7% of the wet weight biomass at +Fe and HNLC. However, in contrast to the asteroids, the ophiuroids were exceptionally numerous and accounted for between 36 and 43% of the individuals collected at the two sites. Ophiuroids clearly play an important role in ecosystem functioning in the region. This paper focuses on the abyssal ophiuroids at Crozet. It provides details of the reproductive biology of the dominant species, including comparing the species at the +Fe and HNLC sites.
Reproduction in deep-sea echinoderms has been shown to be coupled closely with the flux of organic matter to the deep-sea floor Tyler, 1988) . However, despite the diversity and abundance of ophiuroids in many deep-sea habitats (Tyler 1980; Gage and Tyler 1991 ) the reproductive biology and mode of larval development of the majority of species are not known.
Generally, deep-sea ophiuroids exhibit asynchronous reproduction (Young, 2003) although episodic recruitment may occur in some species, such as Ophiomusium lymani (Gage, 1982; . A few species reproduce seasonally, including Ophiura ljungmani, Ophiocten gracilis and Ophiocten hastatum Sumida et al. 2000; Gage et al. 2004) . The Rockall Trough time series was instrumental in determining periodicity in reproduction and recruitment of deep-sea ophiuroids . While this paper sampled only at one time point at Crozet, owing to the logistics of working in such a remote region, it is the first study to sample concurrently two localities in close proximity, but under different productivity regimes, and to compare species common to both areas.
Materials and Methods

The Study Area
The Crozet Islands (Crozet) are located in the Polar Frontal Zone at the northern boundary of the Southern Ocean (Pollard et al. 2009 ). The Antarctic Circumpolar Current (ACC) flows eastwardly in this part of the Southern Ocean. Owing to a semi-permanent meander in the Sub-Antarctic Front, a 'hotspot' of iron-induced seasonal productivity is created in, and restricted to, an area to the north and east of Crozet (Pollard et al. 2007b; Wolff et al. 2011) . To the south of Crozet, HNLC conditions prevail (Pollard et al. 2007a : Wolff et al. 2011 , Figure 1A ). SeaWIFS images confirm that every year during the austral summer high levels of primary productivity occur only to the north and east of Crozet (Venables et al. 2007; Pollard et al. 2009 ). The differences in productivity have probably persisted for a very long time (at least thousands of years).
The two sites at Crozet used in this study were chosen to determine the influence of productivity on the distributions and ecology of deep-sea megafauna ( Figure 1A,B) . The two sites, situated 460km apart, were at the same water depth (~4200m) and were almost identical in their geomorphological, hydrographical and sedimentary characteristics (Wolff et al. 2011 ). There was no physical barrier between the two localities (Hughes et al. 2007 ) ensuring connectivity, other than barriers imposed by differences in productivity and biogeochemistry.
The biogeochemistry of the upper water column surrounding Crozet was studied during the austral summers of 2004/05 (Blain et al. 2007; Pollard et al. 2009 ). Sediment trap moorings deployed at the two sites showed distinct differences with greater, and longerlasting, particulate flux at the +Fe site (Salter et al. 2012) . The organic carbon flux at the +Fe site was about three times greater than at the HNLC site (41.1 mmol m −2 and 14.1 mmol m −2 over 355 and 352, respectively) (Wolff et al. 2011 Figure 2 ; Salter et al. 2012) . Additionally, the chemical composition of the particulate material at the +Fe site was of a better quality, with greater concentrations of labile lipids, polyunsaturated fatty acids (PUFAs) and monounsaturated fatty acids (MUFAs) (Wolff et al. 2011) . PUFAs were below detection limits at the HNLC site.
The biomass and abundance of benthic invertebrate megafauna in total was greater at the +Fe site than the HNLC site by factors of three and six respectively (Wolff et al. 2011) .
Sampling details
Ophiuroids were collected by single warp, semi-balloon otter trawl from two localities a) +Fe (Station 15773) and b) HNLC (Station 15775) (Figure 1A ,B; Table 1 ). Four trawls were taken at the +Fe site. However, owing to the loss of the trawl and 8000m of wire, only two trawls were possible at the HNLC site. Specimens were fixed in 10% formalin and then transferred to 80% ethanol for storage. The samples were archived in the Discovery Collections at the National Oceanography Centre, Southampton, UK.
The reproductive biology of the six most abundant ophiuroid species was analysed: Ophiura irrorata loveni (Lyman 1878), Ophiura lienosa (Lyman 1878), Amphioplus daleus (Lyman 1879), Ophiacantha cosmica Lyman 1878, Ophiernus quadrispinus Koehler 1908 and Ophioplexa condita Martynov, 2010 . Three other species, Amphioplus antarctica, Amphiura studeri (antarctica) (Lyman) and Ophiolepis scissa, also occurred at Crozet, but in much smaller numbers and were not studied, except for details of their abundances and biomass.
Population size distributions
The preserved wet weight (g) and disc radius (mm) were measured for each individual. The samples were all taken in the austral summer of December 2005 to January 2006.
Reproductive biology
Three species were sufficiently numerous at both the +Fe and HNLC sites for their reproductive biology to be compared histologically: Ophiura irrorata loveni, Ophiura lienosa and Amphioplus daleus. Two species, Ophiacantha cosmica and Ophioplexa condita, were abundant only at the HNLC site in sufficient quantity for their reproductive biology to be analysed. Similarly, Ophiernus quadrispinus occurred only at the +Fe site. Many of the specimens had been damaged in the trawl. Only individuals with an intact disc were used for the reproduction analyses.
A total of 160 individuals were sectioned. The sex of each individual was determined from gonad morphology. No hermaphrodites were present. Gonads were processed to paraffin wax, sectioned at 7 μm then stained with Haematoxylin 'Z' and counterstained in Eosin (Cellpath UK). The oocyte feret diameters (μm) of at least 100 oocytes were measured from each female using the imaging software SigmaScan Pro4 (Jandell Scientific Software). Feret diameter is an estimate of an oocyte diameter assuming the best-fit to a perfect spherical shape for the oocyte. Only oocyte sections possessing a nucleus were measured. To compare differences in oocyte sizes between the two productivity regimes, the data were grouped into 20 μm size classes.
Statistical analyses
Statistical analyses were used to compare data within, and between, sites. An analysis of variance (ANOVA) was conducted on log(x+1) transformed abundance and biomass data to compare the +Fe and HNLC sites. A Mann-Whitney Rank Sum Test was used to test the differences in the distribution of disc sizes between the +Fe and HNLC sites. A chi-square test for homogeneity was also used to test the hypothesis that no samples deviated from a 1:1 sex ratio. A Kruskal-Wallis and Dunn Pairwise comparison test was carried out to determine whether there was a significant difference in oocyte size between sites (Siegel & Castellan, 1988; Sokal & Rohlf 1995) .
Results
Abundance and biomass
The mean abundance of ophiuroids in total was greater at the +Fe site (484 ± 319 ind ha -1 ) than at the HNLC site (332 ± 121 ind. ha -1 ). There was great variability between samples at each site (Table 2) . No significant differences could be detected. The mean wet weight biomass was greater at the +Fe site (162 ± 86 g ha -1 ). There was no significant difference from the HNLC site (121 ± 48 g ha -1 ) ( Table 2) .
Ophiura lienosa was the dominant ophiuroid species at both sites (Table 2 ; Figures 2A,B; 3A,B). While O. lienosa was slightly more common at the productive +Fe site, there was no significant difference between the two sites. Similarly, Ophiura irrorata loveni was more common at the +Fe site, but not significantly. Amphioplus daleus showed a similar trend, but more marked. While there was no significant difference in abundance, biomass was significantly greater at the +Fe site (p<0.02) (Table 2; Figure 2B ). Ophiacantha cosmica was proportionally more abundant at the HNLC site than at the +Fe site (10% and 2% respectively) and Ophioplexa condita occurred almost exclusively at the HNLC site, with highly significant differences for both abundance (p<0.0001) and biomass (p<0.005) ( Table 2 , Figures 2A,B) . The relative abundance of the ophiuroid species and the overall composition of the ophiuroid community were similar for all samples within each site. However, the composition of the ophiuroid biomass showed differences between the two sites, particularly for the minor species ( Figures 3A,B) .
Population size distributions
Population size distributions were obtained for each species from a broad range of sample sizes (N = 17 to 2386 individuals, depending on the species). The disc radius of Ophiura irrorata loveni ranged from 2 to 17 mm. The size distribution at +Fe was unimodal, skewed toward larger disc sizes and with a median disc size of 12mm ( Figure 4A ). In contrast, the population size distribution at the HNLC site was bimodal, with a greater proportion of small individuals. The two modes had median disc radii of 5 and 14 mm. The population size distributions were significantly different (p<0.001). The dynamics of recruitment of O. irrorata loveni were different at the +Fe and HNLC sites.
The specimens of Ophiura lienosa were generally much smaller than O. irrorata loveni and of a size that may not have been collected effectively by the otter trawl.
The disc radii of all but one specimen ranged between 1 and 8 mm. The median disc radius of 5mm was similar at the +Fe and HNLC sites, but there was a significantly different number of smaller individuals at the +Fe site (p<0.001) ( Figure 4B ). Amphioplus daleus showed the reverse trend with significantly smaller individuals at the HNLC site (p<0.001) ( Figure 4C ). The median disc radius at the HNLC site was 5mm as opposed to 6mm at the +Fe site.
The disc radius of Ophiacantha cosmica ranged from 2 to 11 mm. The population size distributions at both sites showed evidence of two modes occurring at similar disc radii with median values of 3 and 7 mm for each mode ( Figure 4D ). There was no significant difference in the two size distributions.
The sample size of Ophiernus quadrispinus was very small at the HNLC site (N=17). The individuals were slightly smaller at the +Fe site but not significantly ( Figure 4E ). Ophioplexa condita occurred only at the HNLC site. Disc radii ranged from 2 to 7 mm ( Figure  4F ).
Reproductive biology: sex ratios and oocyte sizefrequency distributions
One hundred and sixty individuals were examined histologically; 45% were female and 55% male. There was no significant deviation from the expected 1:1 sex ratio for any of the species. Histological sections showed two types of oocytes; previtellogenic oocytes recognised by their small size, and vitellogenic oocytes characterised by their larger and coarser appearance with an eosinophilic cytoplasm (Hendler 1991; Grange et al. 2004) .
Ophiura irrorata loveni, Ophiura lienosa, Amphioplus daleus and Ophiacantha cosmica showed a wide range of oocyte sizes at both the +Fe and the HNLC sites ( Figure 5A-C) . The median oocyte size Ophiura irrorata at the +Fe site (40-60 μm) was much smaller than at the HNLC site (160-180 μm). Maximum egg size was greater at the HNLC site (400 μm) than at the +Fe site (320 μm). The egg size distributions were significantly different (ANOSIM p<0.001) ( Figure 5A ). There was a preponderance of small previtellogenic eggs at the +Fe site which may have indicated a spawning event in the austral spring prior to sampling. No significant differences were found in oocyte sizes for any of the other species. Ophiura lienosa had a median egg size of 40-60 μm ( Figure 5B ). Maximum egg size was slightly larger at the +Fe site (380 μm) than at the HNLC site (340 μm). The vast majority of eggs were very small and at the previtellogenic stage at both the +Fe and HNLC sites. Amphioplus daleus also had similar oocyte sizes at the +Fe and HNLC sites, but in this case there were very few previtellogenic oocytes and the eggs ranged over a broad size range between 80 and 200 μm ( Figure 5C ). Ophiernus quadrispinus (at the +Fe site) and Ophioplexa condita (at the HNLC site) had oocyte size distributions skewed to small previtellogenic egg sizes ( Figure 5E,F) . Only three females of Ophioplexa condita were analysed. In one specimen all the eggs were less than 100 μm in diameter.
Individuals of Ophiacantha cosmica sampled under HNLC conditions exhibited a wide range in oocyte diameter, from 30 to 560 μm, although the vast majority of the eggs were only 40 to 140 μm ( Figure 5D ). Seven of the eleven females examined contained oocytes with diameters greater than 400 μm indicating lecithotrophic development.
Discussion
The Crozet abyssal ophiuroids had maximum egg sizes between 200 and 550 μm ( Figure 4A-F) indicating lecithotrophic or direct development in the different species.
Three species, Ophiura irrorata loveni, Ophiura lienosa and Amphioplus daleus, were sampled in two different productivity regimes (+Fe and HNLC) allowing their reproductive biology to be compared in relation to food supply to the deep-sea benthos. Of these species, there was a significant difference in the oocyte size distributions of O. irrorata loveni between +Fe and HNLC, but not for O. lienosa or A. daleus. The latter two species, however, differed in their egg size distributions. This indicates that the two species had different reproductive characteristics despite having a similar maximum egg size. All species showed 1:1 sex ratios.
Ophiura irrorata loveni
The oocyte distributions of O. irrorata loveni were significantly different between the +Fe and HNLC sites ( Figure 5A ). At the productive +Fe site, the egg size distribution was skewed to small previtellogenic eggs (50% of the eggs were smaller than 80 μm). There was some variation between individuals at both sites ( Figure  6A ,B). Highly significant differences were evident also in the population size distributions. While a unimodal size distribution occurred at +Fe, the HNLC site had a distinct bimodal size distribution ( Figure 4A ).
The differences noted in the oocyte and population size distributions may have been related to the dynamics of POC flux at each locality. At +Fe the total flux recorded by sediment traps was 2.4 times greater than at HNLC (Wolff et al. 2011; Salter 2012) . In addition, the period over which the flux of POM occurred extended over c. 150 days at +Fe, as opposed to just 14 days at HNLC. Satellite images of ocean colour at Crozet show that for most years HNLC conditions prevail to the south of the islands. Occasionally, though, mesoscale eddies spin off from the Crozet Plateau to the south in some years (Pollard et al. 2007a ). These eddies may lead to sporadic, short and intense POM fluxes to the seabed, as seen in early 2005 (Wolff et al. 2011; Salter et al. 2012) . No POM flux event was evident in the sediment trap record at the HNLC site before the traps were recovered in early January 2006 (i.e. before the end of the austral summer). Based on the satellite and sediment trap data, sporadic, inter-annual variations in POM flux would appear to be a feature of the productivity regime south of the Crozet Islands. This hypothesis is supported by the presence at the HNLC site of small opportunistic holothurians, notably Kolga nana, in January 2006 (Wolff et al. 2011) . Dense aggregations of Kolga are considered to be indicative of intermittent flux events (Billett & Hansen, 1982) .
Similarly, episodic recruitment of ophiuroids is known to occur in response to intermittent POM flux events at other abyssal localities in the world's oceans (Gage et al 2004; Booth et al. 2008 ).
While sporadic (inter-annual) and patchy POM inputs are thought to occur at the HNLC site, a different productivity and export flux regime characterised the +Fe site. Here, regular seasonal POM fluxes occur, although, as in seasonal eutrophic waters of the NE Atlantic (Lampitt et al. 2010) , the intensity of the POM flux may vary from year to year. The greater flux of organic matter to the seafloor at +Fe also led to a greater benthic biomass and abundance of megafauna at this locality. Benthic biomass at +Fe was three times greater than at HNLC.
The greater proportion of pre-vitellogenic eggs in O. irrorata loveni at +Fe ( Figure 5A ) is indicative of a recent spawning event in the austral spring and early summer, presumably in response to the regular seasonal input of POM (Wolff et al. 2011) . In contrast, no new POM flux was evident in January 2006 at the HNLC site and, consequently, spawning appears to have been deferred, leading to a greater proportion of large eggs ( Figure 5A ). At HNLC, O. irrorata loveni exhibits a more continuous, asynchronous investment in reproduction, which might be advantageous in habitats where food supplies are irregular and limited Lauermann & Kauffmann 1998) .
Apart from the differences in oocyte distributions, a disparity was evident also in the population size distributions of O. irrorata loveni. At HNLC a bimodal population size distribution occurred in January 2006 ( Figure 4A ). This may reflect greater recruitment in response to the intense, but short, POM flux at the HNLC site in January 2005 (Wolff et al. 2011; Salter et al. 2012) . The limited benthic biomass at HNLC would lead to reduced predation on post larval ophiuroids allowing a distinct cohort of recent recruits to appear the following year, January 2006 when the benthic sampling took place. A similar recruitment event, however, was not evident at the +Fe locality, even though the oocyte size distribution indicated possible seasonal changes in spawning intensity. The lack of a distinct cohort of smaller individuals at +Fe may have been due to the greater biomass and abundance of megafauna and hence greater predation pressure at this locality (Wolff et al. 2011) .
A link between food availability and reproductive periodicity has been noted in many deep-sea ophiuroids, including 1) seasonal responses (Schoener, 1972; and 2) longer term variations related to climate oscillations (Booth et al. 2008) . The diet of O. irrorata is extremely variable. It consumes detritus but also a wide variety of small invertebrates and even small fish, particularly when detritus is scarce on the seafloor (Pearson and Gage 1984) . The broad diet of O. irrorata allows continuous investment in reproduction throughout the year, although greater spawning may be stimulated by seasonal and episodic inputs of detritus.
Ophiura lienosa and Amphioplus daleus
In contrast to O. irrorata loveni, the species Ophiura lienosa and Amphioplus daleus showed no significant differences in their oocyte size distributions between the +Fe and HNLC localities ( Figure 5B,C) . Egg size distributions for O. lienosa were skewed to small previtellogenic oocytes at both sites (56 to 66% were smaller than 80 μm at HNLC and +Fe sites respectively; Figure 5B ). In contrast, only 10% of the eggs in A. daleus were smaller than 80 μm, at both sites, and most eggs had a diameter between 100 and 200 μm. The reasons for the different egg size distributions for two species despite having similar maximum egg sizes are not immediately obvious.
Ophiacantha cosmica
The largest egg size in Ophiacantha cosmica ( Figure  5D ), 550 μm, was of a similar size to that recorded for Ophiacantha bidentata (650 μm, Tyler & Gage 1982), a protandric hermaphrodite. In O. bidentata ovotestes occurred in individuals with a disc diameter of 4 to 9 mm, while specimens larger than 9mm had only ovaries. Ophiacantha bidentata had a bimodal population size distribution . Histological observations showed that the two population size modes represented different stages of reproductive development. Smaller individuals had ovotestes with spermatozoa and moderately sized eggs. Larger individuals had just large eggs. Ophiacantha cosmica showed a similar bimodal population size distribution. However, males and females were separate in all size classes and there was no evidence of ovotestes in smaller individuals. The bimodal distribution in O.cosmica, therefore, does not appear to be related to differences in reproductive development.
Ophiacantha cosmica was more prevalent at the HNLC site (Figure 3) . Ophiacantha cosmica is a suspension feeder differing in its feeding habits to the other species at Crozet. Species of Ophiacantha have an epifaunal habit and are often found associated with hard rock substrata and deep-water corals (Tyler 1980) . The HNLC site was notable for a greater number of worm tubes and cnidarians (Wolff 2006; Wolff et al. 2011) . The increased abundance of O. cosmica at HNLC therefore was more likely to be related to the greater number of suitable substrates, rather than to reproductive processes.
Ophioplexa condita and Ophiernus quadrispinus
Ophioplexa condita and Ophiernus quadrispinus had apparent maximum egg sizes of between 200 and 250 μm, indicative of lecithotrophic development. The egg size distributions were similar to other ophiuroid species known to have asynchronous continuous development.
Population size distributions in these species were unimodal. There was an indication of smaller individuals occurring at the +Fe site for Ophiernus quadrispinus, but this apparent difference may have been due to the small sample size (17 individuals) at the HNLC site. No significant difference was evident between the two distributions for O. quadrispinus at +Fe and HNLC.
Ophioplexa condita has numerous spinelets on its arms and therefore is likely to be a suspension feeder. As for Ophiacantha cosmica, the prevalence of O. condita almost exclusively at the HNLC site (Figure 2A,B) is likely to be related to the availability of worm tubes and cnidarians to cling to, rather than reproductive processes.
Overview
The high abundance of ophiuroids at the +Fe and HNLC localities sampled at Crozet (36 to 43% of the individuals collected at each locality) indicates that ophiuroids are significant component of the abyssal benthos in this region. However, unlike the other dominant benthic taxa at Crozet which showed very significant differences in species at the +Fe and HNLC sites (Wolff et al. 2011) , the dominant ophiuroid species were, by comparison, remarkably constant. The differences evident in the wider megabenthos taxa, especially the holothurians, and attributed by Wolff et al. (2011) to dissimilarities in POM flux and food supply, would appear to be less important to ophiuroid species.
This may be related to the varied diet of many ophiuroids (Tyler, 1980; Warner, 1982; Pearson & Gage, 1984) . While overall ophiuroid biomass may reflect total POM flux to the seabed, the ophiuroid species present are less dependent than other deep-sea taxa on the dynamics of the POM regime. However, this is not necessarily true of all abyssal ophiuroid species. In the NE Atlantic Ophiocten hastatum has been shown to have an isotopic composition indicative of feeding on fresh phytodetritus (Iken et al. 2001) and to change radically in its abundance in response to changes in POC flux Gage et al. 2004) .
Ophiura irrorata loveni has a similar disc size and population size distribution to O. bathybia (Booth et al. 2008) in the NE Pacific. The two species may play similar ecological roles and respond to environmental change in a similar way. Time series studies of O. bathybia have shown inter-annual variation in size distributions with a lagged relationship to POM flux (Booth et al. 2008) . Increases in POM flux were followed 17 to 22 months later by increases in smaller size classes of O. bathybia. Unlike holothurians, which feed directly on labile phytodetritus (Wigham et al. 2003) and which may change suddenly in abundance (Billett et al. 2001 Ruhl, 2007; Smith et al. 2009 ), O. bathybia had a longer reaction time. This may reflect the less responsive characteristics of the reproductive biology of the ophiuroids, or may be related to time-lagged responses of their food, principally macrofauna, to POM flux. Macrofauna have been shown to change in biomass relative to changes in POC input (Soto et al. 2010 ) which may lead to longerphase changes in ophiuroid biomass and abundance. 
